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FREQUENCY CONVERTER ENABLING A 
NON-INTEGER DIVISION RATIO TO BE 
PROGRAMMED BY MEANS OF A UNIQUE 

CONTROL WORD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of application Ser. No. 09/798,544, 
?led Mar. 2, 2001, US. Pat. No. 6,459,303. 

The invention relates to a frequency converter compris 
ing: 

a frequency divider intended to receive an input signal 
having a so-called input frequency, and to supply an 
output signal having a so-called output frequency, and 

an input port intended to receive a control Word deter 
mining a division ratio betWeen the input and output 
frequencies of the frequency divider. 

Such frequency converters are commonly employed in 
phase-locked loops intended to adjust and regulate a 
so-called oscillation frequency of an output signal of an 
oscillator. Such a phase-locked loop is described in Euro 
pean patent application EP 0 821 488 A1. In most of the 
knoWn phase-locked loops, the frequency divider receives 
the output signal from the oscillator and supplies, to a 
phase/frequency comparator, an output signal having a fre 
quency that is N times loWer than the oscillation frequency, 
N being an integer equal to that of the control Word. The 
phase/frequency comparator compares this frequency With a 
so-called comparison frequency of a reference signal 
originating, for example, from a quartZ oscillator. If the 
output frequency of the frequency divider is beloW the 
comparison frequency, the phase/frequency comparator 
commands an increase of the oscillation frequency until the 
oscillation frequency is equal to N times the comparison 
frequency. Since the comparison frequency is ?xed, the 
choice of the value of N of the control Word determines the 
value of the oscillation frequency. Consequently, the mini 
mum interval betWeen tWo oscillation frequency values is 
equal to the value of the comparison frequency. It has been 
found that the performance in terms of noise of a phase 
locked loop is better as the comparison frequency is higher. 
HoWever, choosing a high comparison frequency means an 
increase of the minimum interval betWeen tWo values of the 
oscillation frequency, Which interval is determined by the 
conditions Wherein the phase-locked loop is employed. 
Thus, in applications Where the output signal of the oscil 
lator is used to receive hertZian digital television signals, this 
minimum interval is predetermined and set at 166.67 kHZ. 

To maintain a constant minimum interval While increasing 
the value of the comparison frequency, it is thus necessary 
to use a frequency divider Whose division ratio has a 
non-integer value. Such frequency dividers are commonly 
referred to as “fractional-N” frequency dividers. Their divi 
sion ratio is determined by at least tWo parameters. 
A user Who Would like to replace a frequency divider 

Whose division ratio is an integer by a fractional-N type 
divider in order to improve the noise performance of a 
phase-locked loop While using a higher comparison 
frequency, must, in principle, supply tWo, instead of one, 
control Words to the frequency divider, Which Will require 
the user to make substantial and expensive modi?cations in 
the phase-locked loop as designed by the user in the knoWn 
model. 

It is an object of the invention to overcome this draWback 
by proposing a frequency converter intended to replace the 
frequency dividers present inside the knoWn phase-locked 
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2 
loops, Which frequency converter can be programmed by the 
user by means of a unique control Word, although the 
phase-locked loop thus obtained can use a comparison 
frequency that is higher than that in the knoWn phase-locked 
loop, thus enabling a better noise performance to be 
achieved Without modifying the minimum interval betWeen 
tWo oscillation frequencies. 

Indeed, in accordance With the invention, a frequency 
converter as described in the opening paragraph additionally 
includes interface means arranged betWeen the input port 
and the frequency divider, and intended to carry out a 
conversion of a value of the control Word into a ?rst and a 
second parameter de?ning a non-integer value of the divi 
sion ratio of the frequency divider. 
By virtue of the invention, the tWo parameters necessary 

to de?ne a non-integer division ratio of the frequency 
divider are extracted Within the frequency converter, in a 
manner that is perfectly transparent to the user, on the basis 
of the value N of the control Word elaborated by the user to 
program a knoWn phase-locked loop using a frequency 
divider having an integer division ratio. 

For a large number of knoWn fractional-N type dividers, 
the division ratio R can be expressed by the formula R=M+ 
k/q, Where M and k are the ?rst and the second parameter, 
q being a third integer parameter Whose value is predeter 
mined by the value of the minimum interval betWeen tWo 
oscillation frequencies, Which is to be kept constant. Thus, 
q=FCOMP/FSTEP, Where FCOMP is the chosen compari 
son frequency and FSTEP is the minimum interval. In such 
a case, the interface means included in the frequency con 
verter in accordance With the invention advantageously 
comprise: 
means for computing the integer part of the ratio N/q, 

betWeen the value of the control N and that of the third 
parameter q, Which integer part constitutes the ?rst 
parameter M, and 

means for computing the difference N-M.q betWeen the 
value of the control Word and the value of the product 
of the ?rst and third parameters, Which difference 
constitutes the second parameter k. 

In such an embodiment of the invention, the ?rst param 
eter is formed by the quotient of the division of the value N 
of the control Word by the value of the third parameter q, 
While the second parameter k is formed by the remainder of 
such a division. 

In a particularly advantageous embodiment of the 
invention, if the third parameter is coded on P bits, the 
interface means contain: 

a shift register intended to receive the control Word, coded 
on L bits, of Which the P most signi?cant bits may be 
subjected to a parallel loading operation, 

a P bit adder intended to receive at an input the P most 
signi?cant bits of the shift register, and to receive, at 
another input, the tWo’s complement of the third 
parameter, and 

a sequencer intended to clock L-P computing steps, each 
computing step including the folloWing operations: 

adding the values present at the inputs of the adder, 
loading the P least signi?cant bits of the result of the 

addition to the P most signi?cant bits of the shift 
register, if the result is positive, 

loading, into a storage ?ip-?op next to the least signi?cant 
bit of the shift register, a carry bit produced by the 
adder, and 

shifting the content of the shift register in the direction of 
the most signi?cant bits, the value of the least signi? 
cant bit of this register becoming the value of the carry 
bit. 
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As stated hereinabove, a frequency converter in accor 
dance With the invention Will be advantageously employed 
in a phase-locked loop intended to regulate the frequency of 
an oscillator, as it enables the noise performance of such a 
loop to be improved in a manner that is transparent to a user 
accustomed to the knoWn phase-locked loops. Therefore, the 
invention also relates to a phase-locked loop comprising: 

an oscillator intended to produce an output signal having 
an oscillation frequency Whose value depends on the 
value of a tuning signal, 

a phase/frequency detector intended to compare the oscil 
lation frequency With a so-called comparison frequency 
of a reference signal, and to supply the tuning signal to 
the oscillator, the value of said tuning signal depending 
on the result of the comparison, and 

a frequency divider described hereinbefore, Which is 
arranged betWeen the oscillator and the phase/ 
frequency detector. 

In an embodiment of such phase-locked loops, the inven 
tion ?nally relates to a device intended to receive radioelec 
tric signals, for example a television receiver or a 
radiotelephone, comprising: 

an input stage system intended to receive a radioelectric 
signal and to convert said signal to an electronic output 
signal having a so-called radio frequency, 

an oscillator intended to supply an output signal having a 
so-called oscillation frequency, and 

a mixer intended to receive the output signals from the 
input stage and the oscillator, and to supply a signal 
Whose frequency is equal to the difference betWeen the 
radio frequency and the oscillation frequency, 

Which device is characteriZed in that it comprises, in 
addition, a phase-locked loop as described hereinabove, 
Which is intended to adjust the value of the oscillation 
frequency. 

These and other aspects of the invention Will be apparent 
from and elucidated With reference to the non-limitative 
exemplary embodiment(s) described hereinafter. 

In the draWings: 
FIG. 1 is a partial functional diagram illustrating a device 

for receiving radioelectric signals providing implementation 
of the invention, 

FIG. 2 is a functional diagram Which diagrammatically 
illustrates a frequency converter in accordance With the 
invention, and 

FIG. 3 is a functional diagram illustrating interface means 
included in a frequency converter in accordance With a 
preferred embodiment of the invention. 

FIG. 1 diagrammatically shoWs a device for receiving 
radioelectric signals, such as a receiver of television signals, 
comprising an input stage AF, for example an antenna and 
?ltering system, enabling the reception of a signal Whose 
frequency is selected from a range of given frequencies, and 
its transformation into an electronic signal Vfr, commonly 
referred to as radio signal, having a frequency FR, com 
monly referred to as radio frequency, in Which device a 
frequency shift, from the selected frequency FR toWards a 
predetermined intermediate frequency FI, is carried out by 
means of a mixer MX intended to receive the radio signal 
Vfr, on the one hand, and an output signal Vlo of a local 
oscillator OSC, on the other hand. 

The intermediate frequency FI is ?xed and equal to the 
difference betWeen the radio frequency FR and the oscilla 
tion frequency FLO of the output signal Vlo of the ?rst local 
oscillator OSC. The choice of said oscillation frequency 
FLO thus determines the value of the selected radio fre 
quency FR. 
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4 
In this device, the oscillation frequency FLO of the output 

signal Vlo of the ?rst local oscillator OSC is controlled by 
means of a phase-locked loop, Which comprises: 

the local oscillator OSC intended to supply the output 
signal Vlo Whose frequency FLO is determined by the 
value of a tuning voltage Vtun, 

a frequency converter FCV intended to receive the output 
signal Vlo from the local oscillator OSC, and to supply 
an output signal Vdiv having a frequency FDIV, a 
control Word coded on L bits N(1:L), programmed by 
the user of the device de?ning a division ratio R 
betWeen the oscillation frequency FLO and the fre 
quency FDIV of the output signal of the frequency 
converter FCV, 

a phase/frequency detector PD intended to compare the 
frequency FDIV of the output signal Vdiv of the 
frequency converter FCV With a comparison frequency 
FCOMP of a reference signal Vcomp originating, in 
this example, from a quartZ oscillator XTAL, and to 
supply driving signals V1 and V2 Which are represen 
tative of the result of said comparison, and 

a charge pump CP, the conduction of Which is intended to 
be controlled by driving signals V1 and V2, an output 
of the charge pump CP being connected to a capacitor 
Cs intended to generate the tuning voltage Vtun at its 
terminals. 

If the oscillation frequency FLO of the ?rst local oscil 
lator OSC is loWer than R times the frequency FCOMP of 
the reference signal Vcomp, the phase detector PD places a 
?rst driving signal V1 into an active mode, Which commands 
the charge pump CP to supply a positive current Ics. This 
current, Which is transmitted to the capacitor Cs, causes an 
increase of the value of the tuning voltage Vtun taken from 
the terminals of the capacitor Cs and hence an increase of the 
oscillation frequency FLO. 
When the oscillation frequency FLO becomes higher than 

the frequency of the reference signal Vcomp, the phase 
detector PD places a second driving signal V2 into the active 
mode, Which is complementary to the ?rst control signal V1, 
thus causing an inversion of the direction of the current Ics, 
Which becomes negative. This negative current, Which is 
transmitted to the capacitor Cs, causes a reduction of the 
value of the tuning voltage Vtun taken from the terminals of 
the capacitor Cs, and hence a reduction of the oscillation 
frequency FLO. The phase-locked loop tends toWards a 
balanced operating mode Wherein FLO=R.FDIV= 
R.FCOMP. 

In many knoWn phase-locked loops, the frequency con 
verter is just a frequency divider having an integer division 
ratio, the value of Which is equal to that of the control Word 
N(1:L). In this type of systems, the minimum interval 
FSTEP betWeen tWo oscillation frequencies is (N+1) 
.FCOMP—N.FCOMP, and hence is equal to the comparison 
frequency FCOMP itself. HoWever, this minimum interval 
FSTEP is ?xed by the application for Which the receiver is 
intended. If, for example, this device is intended to receive 
hertZian digital television signals, the minimum interval 
FSTEP is equal to 166.67 kHZ in accordance With the 
OFDM standard. 

Increasing the comparison frequency FCOMP, With a 
vieW to improving the noise performance of the phase 
locked loop, by using a frequency divider having an integer 
division ratio is not possible, since this Would lead to an 
increase of the minimum interval FSTEP. 

To maintain a constant minimum interval FSTEP, While 
increasing the value of the comparison frequency FCOMP, 
it is thus necessary to employ, inside the frequency 
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converter, a “fractional-N” frequency divider Which has a 
non-integer division ratio value, and is determined by at 
least tWo parameters. 

Consequently, a user Who Would like to substitute a 
frequency divider having an integer division ratio With a 
fractional-N type divider in order to improve the noise 
performance of a phase-locked loop by using a higher 
comparison frequency, must in principle provide said fre 
quency divider With tWo control Words instead of one, Which 
Will require the user to make substantial and expensive 
modi?cations in the phase-locked loop as designed by the 
user in the knoWn model. 

The frequency converter FCV in accordance With the 
invention can be programmed by means of a unique control 
Word N(1:L) and carries out a non-integer division of the 
oscillation frequency FLO, thus enabling a comparison 
frequency FCOMP to be used, Which is higher than the 
imposed minimum interval FSTEP betWeen tWo oscillation 
frequencies, in order to improve the noise performance of 
the phase-locked loop. 

FIG. 2 diagrammatically shoWs a frequency converter 
FCV in accordance With the invention, Which comprises: 

a frequency divider FRACN intended to receive the 
output signal Vlo from the local oscillator and to supply 
an output signal Vdiv having a so-called output fre 
quency FDIV, and 

a register REG connected to an input port intended to 
receive the control Word N(1:L). 

The frequency converter FCV additionally comprises 
interface means INT, Which are arranged betWeen the input 
port and the frequency divider FRACN, and Which are 
intended to carry out a conversion of a value of the control 
Word into a ?rst and a second parameter M(1:L-P) and 
k(1:P), coded on, respectively, L-P and P bits, Which param 
eters de?ne a non-integer value of the division ratio of the 
frequency divider FRACN. 

In this case, the frequency divider is of the “fractional-N” 
type and brings about a division ratio R betWeen the fre 
quency FLO of its input signal Vlo and the frequency FDIV 
of its output signal Vdiv, Which can be eXpressed as folloWs: 
R=FLO/FDIV=M+k/q, Where M and k are the values of the 
?rst and the second parameters M(1:L-P) and k(1:P), q being 
the value of a third integer parameter, Which value is 
predetermined by the value of the minimum interval 
betWeen tWo oscillation frequencies, Which minimum inter 
val value must be kept constant. Thus, q=FCOMP/FSTEP, 
Where FCOMP is the selected comparison frequency and 
FSTEP is the minimum interval. In the eXample of the 
hertZian, digital television signals mentioned hereinabove, 
FSTEP=166.67 kHZ, Which implies that q=24 if FCOMP is 
chosen to be equal to 4 MHZ. The interface means INT 
included in the frequency converter FCV comprise: 

means for computing the integer part of the ratio N/q, 
Which constitutes the ?rst parameter M, and 

means for computing the difference N—M.q betWeen the 
value of the control Word and the value of the product 
of the ?rst and the third parameters, Which difference 
constitutes the second parameter k. 

In this embodiment of the invention, the ?rst parameter M 
is formed by the quotient of the division of the value N of 
the control Word by the value of the third parameter q, While 
the second parameter k is formed by the remainder of such 
a division. These operations can be implemented in many 
different Ways and are Within the reach of people skilled in 
the art. 

FIG. 3 shoWs a particularly advantageous embodiment of 
the interface means INT described hereinabove. In this 
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6 
embodiment, the interface means INT comprise a shift 
register REG intended to receive the control Word N(1:L), 
Which, for reasons of economy, is advantageously formed by 
the register connected to the input port. The P most signi? 
cant bits of this register may be subject to a parallel loading 
operation. The interface means INT additionally comprise a 
P-bit adder ADD, intended to receive, at an input, the P most 
signi?cant bits of the shift register, and, at another input, the 
tWo’s complement of the third parameter —q(1:P). The 
interface means INT ?nally comprise a sequencer SEQ 
intended to clock L-P computing steps. The functioning of 
these interface means is as folloWs: in an initial stage, the 
user loads the control Word N(1:L) into the register N. The 
opposite of the value of the third parameter q(1:P) is 
automatically loaded into a register REGq, since, as 
described hereinabove, the value of the third parameter q is 
knoWn because it is imposed by the application for Which the 
device using the frequency converter is intended. The 
sequencer SEQ then commands the beginning of a compu 
tation cycle. In the course of a ?rst computation step, the P 
most signi?cant bits of the content of the register REG are 
compared With the value of the third parameter q(1:P) by 
means of the adder ADD Which subtracts the value of the 
third parameter from said P most signi?cant bits. If the result 
of the subtraction is positive, a carry bit assuming the 1 state 
is stored in a carry ?ip-?op C. Simultaneously, the result of 
the subtraction is fed into the P most signi?cant bits of the 
register REG. If the result of the subtraction is negative, a 
carry bit assuming the 0 state is stored in the carry ?ip-?op 
C, and the P most signi?cant bits of the register REG remain 
unchanged. In the neXt computation step, the sequencer 
commands, by means of a clock signal Clk, a shift of the 
entire content of the register REG in the direction of the 
most signi?cant bits, resulting in the carry bit becoming the 
least signi?cant bit of the content of said register. The order 
of magnitude of the content of the P most signi?cant bits of 
the register REG is then increased by 1. Another subtraction 
operation is carried out by the adder ADD, the result of 
Which, if it is positive, is again fed into the P most signi?cant 
bits of the register REG. In the subsequent computation step, 
the sequencer SEQ commands a neW shift of the content of 
the register REG, subsequently a neW subtraction, and then 
a neW reloading operation if the result of the subtraction is 
positive, and so on until the close of the U11 computation 
step, Which is the last step in the computation cycle. Indeed, 
at the close of the U11 computation step, the L-P least 
signi?cant bits of the register REG contain the quotient of 
the division of the value of the control Word N(1:L) by the 
value of the third parameter q(1:P), and hence the value of 
the ?rst parameter M(1:L-P). This portion of the register 
REG thus constitutes the register REGM described herein 
above. The P most signi?cant bits of the register REG 
contain the remainder of the division of the value of the 
control Word N(1:L) by the value of the third parameter 
q(1:P), and hence the value of the second parameter K(1:P). 
This portion of the register REG thus constitutes the register 
REGk described hereinabove. 
What is claimed is: 
1. A phase-locked loop comprising: 
an oscillator intended to produce an output signal having 

an oscillation frequency Whose value depends on the 
value of a tuning signal, 

a phase/frequency detector intended to compare the oscil 
lation frequency With a so-called comparison frequency 
of a reference signal, and to supply the tuning signal to 
the oscillator, the value of said tuning signal depending 
on the result of the comparison, and 
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a frequency divider arranged between the oscillator and 
the phase/frequency detector, the frequency divider 
intended to receive an input signal having an input 
frequency, and to supply an output signal having an 
output frequency, and 

an input port for receiving a control Word determining a 
division ratio betWeen the input and output frequencies 
of the frequency divider, 
interface means arranged betWeen the input port and 

the frequency divider, and for carrying out a con 
version of a value of the control Word into a ?rst and 
a second parameter de?ning a non-integer value of 
the division ratio of the frequency divider, 

Wherein the division ratio R of the frequency divider is 
expressed by: R=M+k/q, Where M and k are, 
respectively, the ?rst and the second parameters, and 
q is a third integer parameter having a value imposed 
by a predetermined minimum interval to separate 
tWo frequency values of the output signal of the 
frequency divider, Wherein the interface means 
includes: 

means for computing an integer part of the ratio N/q 
betWeen a value of the control Word N and that of the 
third parameter q, Wherein the integer part constitutes 
the ?rst parameter M, and 

means for computing the difference betWeen the value of 
the control Word and a value of the product of the ?rst 
and the third parameters, Which difference constitutes 
the second parameter. 

2. A device intended to receive radio electric signals, 
comprising: 

an input stage intended to receive a radio electric signal 
and to convert said signal to an electronic output signal 
having a so-called radio frequency, 
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an oscillator intended to supply an output signal having a 

so-called oscillation frequency, 
a mixer intended to receive the output signals from the 

input stage and the oscillator, and to supply a signal 
Whose frequency is equal to the difference betWeen the 
radio frequency and the oscillation frequency, 

a frequency divider intended to receive an input signal 
having an input frequency, and to supply an output 
signal having an output frequency, and 

an input port for receiving a control Word determining a 
division ratio betWeen the input and output frequencies 
of the frequency divider, 
interface means arranged betWeen the input port and 

the frequency divider, and for carrying out a con 
version of a value of the control Word into a ?rst and 
a second parameter de?ning a non-integer value of 
the division ratio of the frequency divider, 

Wherein the division ratio R of the frequency divider is 
eXpressed by: R=M+k/q, Where M and k are, 
respectively, the ?rst and the second parameters, and 
q is a third integer parameter having a value imposed 
by a predetermined minimum interval to separate 
tWo frequency values of the output signal of the 
frequency divider, Wherein the interface means 
includes: 

means for computing an integer part of the ratio N/q 
betWeen a value of the control Word N and that of the 
third parameter q, Wherein the integer part constitutes 
the ?rst parameter M, and 

means for computing the difference betWeen the value of 
the control Word and a value of the product of the ?rst 
and the third parameters, Which difference constitutes 
the second parameter. 

* * * * * 


